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Abstract
The properties of the Higgs boson, measured by the ATLAS and CMS experiments during the ﬁrst run of the LHC,
are presented. These results were obtained from pp collisions at a center-of-mass-energy of
√
s = 7 TeV in 2011,
and at
√
s = 8 TeV in 2012. The measurements of the Higgs boson mass, width, spin-parity, as well as several cross
sections and couplings are reported. Results from searches of physics beyond the standard model in the Higgs sector
are reported also.
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1. Introduction
In July of 2012 the ATLAS and CMS collaborations
announced the discovery of a neutral boson with a mass
of about 125 GeV, whose properties were consistent
with those of the standard model (SM) Higgs boson
[1, 2]. Since then both experiments have performed a
series of measurements of the properties of the new par-
ticle using the data collected during the ﬁrst run of the
LHC, with an integrated luminosity of about 5 fb−1 at
a collision energy of 7 TeV, and of about 20 fb−1 at 8
TeV. The precision on the measurements of the mass
and of several cross sections, the measurement of the
spin-parity and of several couplings to other particles,
have conﬁrmed, to a high conﬁdence level, the Higgs
nature of the boson.
The experimental program to study the Higgs boson
properties, developed by ATLAS and CMS, has been
guided by the diﬀerent combinations of the produc-
tion and decay channels. The main production mecha-
nisms at the LHC-Run-1 energies for pp collisions are:
gluon fusion (ggH), vector boson fusion (VBF), higgs-
strahlung oﬀ a vector boson (VH), and production in
association with a tt¯ pair (tt¯H). Of these, the dominant
channel is gluon fusion. However, since the other chan-
nels can be identiﬁed experimentally with some eﬃ-
ciency (tagged) by looking for a Higgs boson in com-
bination with the decay products of the associated par-
ticles, they can provide improved kinematical informa-
tion, as well as information about the coupling of the
Higgs boson to top quarks and vector bosons.
For the decay mechanisms not only the branching ra-
tio, but also the signal-to-background ratio are impor-
tant to determine the main channels to explore. Since
the Higgs boson coupling to other states is proportional
to the mass of those states, the main decay channels, for
a Higgs boson of 125 GeV mass, would be: H → ZZ∗,
H → WW∗, H → bb¯ and H → ττ, in addiction to the
channel H → γγ, that proceeds via loops of massive
states (top quarks and vector bosons mainly). Other
channels, like for instance H → Zγ, H → μμ, and
H → cc¯ have small branching ratios at the energies
and luminosities of the ﬁrst run of the LHC and produce
smaller signals.
Of all the channels, the H→ γγ and H→ ZZ∗ → 4
are the ones that provide full reconstruction of the boson
mass with good resolution; they also provide very de-
tailed ﬁnal-state kinematical information, that is crucial
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for the measurement of properties like spin, parity and
width. From the H→ ττ, H→ bb¯, and even H→WW∗
channels the mass of the bosons can be reconstructed
also, but with poor resolution.
By the time of the X SILAFAE conference, ATLAS
and CMS had published results for most of the combina-
tions of the main production mechanisms and the main
decay channels of the discovered Higgs boson. Mea-
surements of the mass, spin, parity, various couplings,
and upper limits for the width have been reported, as
well as the ﬁrst results for diﬀerential cross sections.
In the search for physics beyond the SM (BSM) in the
Higgs sector, results have been published for neutral and
charged Higgs bosons, invisible decays, ﬂavor chang-
ing neutral currents (FCNC), lepton ﬂavor violations
(LFV), etc.
2. Higgs main decay channels
As mentioned in the previous section, the main Higgs
decay channels, at the energies and luminosities of the
ﬁrst run of the LHC, at the discovery stage, and later for
the study of the properties of the boson, were:
• H→ γγ
• H→ ZZ∗ → 4
• H→WW∗ → νν¯
• H→ ττ
• H→ bb¯
The H→ γγ channel: The diphoton channel pro-
vides a clean ﬁnal-state topology, allowing the recon-
struction of the mass of the decaying state with high pre-
cision, in spite of its small branching ratio. The search
for a narrow resonance in the γγ invariant-mass plot
(mγγ) provided the main evidence of the existence of the
boson. The most recent results published by ATLAS [3]
and CMS [4] for this channel include values for the in-
dividual signal strengths μ, relative to the SM prediction
(μ = σ/σS M) for the diﬀerent production mechanisms.
Figures 1 and 2 show the signal strengths and the com-
bined result.
In the case of ATLAS, a clear signal was observed at
a mass of [5]:
mH = 125.98 ± 0.42 (stat.) ± 0.28 (syst.) GeV,
with an observed local signiﬁcance of 5.2σ (4.6σ ex-
pected); the combined signal strength for this channel,
reported by this experiment is [3]:
μ = 1.17 ± 0.23 (stat.) +0.16−0.11 (syst.).
In the case of CMS, a clear signal is observed at a
mass of [4]:
mH = 124.70 ± 0.31 (stat.) ± 0.15 (syst.) GeV,
with an observed local signiﬁcance of 5.7σ (5.2σ ex-
pected); the combined signal strength for this channel,
reported by this experiment is [4]:
μ = 1.14 ± 0.21 (stat.) +0.09−0.05 (syst.) +0.13−0.09 (theo.).
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Figure 1: Measured signal strengths, for a Higgs boson of mass
mH = 125.4 GeV decaying via H → γγ, of the diﬀerent Higgs boson
production modes and the combined signal strength obtained with the
combination of the 7 TeV and 8 TeV data. The vertical dashed line at
μ = 1 indicates the SM expectation. The vertical dashed line at the
left end of the result indicates the limit below which the ﬁtted signal
plus background mass distribution becomes negative for some mass
in the ﬁt range [3].
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Figure 2: Best-ﬁt signal strength, μˆ, measured for each of the pro-
duction processes in a combined ﬁt where the signal strengths of all
four processes have been allowed to vary independently in the ﬁt. The
signal mass, common to all four processes, is treated as a nuisance
parameter in the ﬁt. The horizontal bars indicate ±1σ uncertainties in
the values for the individual processes. The band corresponds to ±1σ
uncertainties in the value obtained from the combined ﬁt with a single
signal strength [4].
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The H→ ZZ∗ → 4 channel: In this channel events
are selected by looking for two pairs of same-ﬂavor,
opposite-charge, well identiﬁed and isolated leptons,
e+, e−, μ+, μ−, compatible with a ZZ system, where one
or both of the Z bosons can be oﬀ-shell, and recon-
struct a narrow resonance in the m4 invariant mass plot.
Due to the demand of the four leptons in the ﬁnal state,
this channel has a small rate, but excellent signal-to-
background ratio. The detailed kinematical information
of the ﬁnal state provides several independent observ-
ables that can be used to measure properties like cross
section, mass, width, spin and parity of the state.
In the case of ATLAS, a clear signal is observed at a
mass of [5]:
mH = 124.51 ± 0.52 (stat.) ± 0.06 (syst.) GeV,
with an observed local signiﬁcance of 8.1σ (6.2σ ex-
pected); the combined signal strength for this channel,
reported by this experiment is [6]:
μ = 1.44 +0.34−0.31 (stat.)
+0.21
−0.11 (syst.).
In the case of CMS, a clear signal is observed, at a
mass of [7]:
mH = 125.6 ± 0.4 (stat.) ± 0.2 (syst.) GeV,
with an observed local signiﬁcance of 6.8σ (6.7σ ex-
pected); the combined signal strength for this channel,
reported by this experiment is [7]:
μ = 0.93 +0.26−0.23 (stat.)
+0.13
−0.09 (syst.).
The H→WW∗ → lνlν¯ channel: This channel has
the second largest branching fraction (22%), but since
only leptonic decays involving electrons and muons are
considered, this quantity reduces to about 1%; however,
it still provides an experimental signature. The two ex-
periments report results for the production mechanisms:
ggH, VBF and VH (V = Z,W); the contribution of the
tt¯H channel is negligible for this channel.
In the case of ATLAS, the signal strength reported is
[8]:
μ = 1.09 +0.16−0.15 (stat.)
+0.17
−0.14 (syst.),
with a signiﬁcance of 6.1σ (5.8σ expected), for a Higgs
boson mass of mH = 125.36 GeV.
In the case of CMS, the signal strength reported for
this channel is [9]:
μ = 0.72 +0.12−0.12 (stat.)
+0.12
−0.10 (th. syst.)
+0.10
−0.10 (exp. syst.),
with a signiﬁcance of 4.3σ (5.8σ expected), for a Higgs
boson mass of mH = 125.6 GeV.
The H→ ττ channel: This channel is the result of
the combination of the diﬀerent production mechanisms
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Figure 3: The best-ﬁt value for the signal strength μ in the individual
channels and their combination for the full ATLAS datasets at
√
s = 7
TeV and
√
s = 8 TeV. The total ±1σ uncertainty is indicated by the
shaded green band, with the individual contributions from the statis-
tical uncertainty (top, black), the experimental systematic uncertainty
(middle, blue), and the theory uncertainty (bottom, red) on the signal
cross section (from QCD scale, PDF, and branching ratios) shown by
the error bars and printed in the central column [10].
of the Higgs boson and the diﬀerent τ reconstruction
techniques:
• Leptonic-leptonic: τlepτlep, (lep = e, μ; Branching
Ratio = 12.4%); reconstructed from two opposite-
charge leptons.
• Leptonic-hadronic: τlepτhad, (Branching Ratio =
45.6%); reconstructed from one charged lepton
and one hadronic tau.
• Hadronic-hadronic: τhadτhad, (Branching Ratio =
42%); reconstructed from two hadronic taus.
In Figures 3 and 4 partial signal strengths, reported
by ATLAS and CMS, for the ττ channel are presented.
In the case of ATLAS, the combined signal strength
for this channel is [10]:
μ = 1.43 +0.27−0.26 (stat.)
+0.32
−0.25 (syst.) ± 0.09 (theory syst.),
with a signiﬁcance of 4.5σ (3.4σ expected), for a Higgs
boson mass of mH = 125.36 GeV.
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Figure 4: Best-ﬁt signal strength values, for independent categories
(right), for mH = 125 GeV. The combined value for the H → ττ
analysis in both plots corresponds to μˆ = 0.78 ± 0.27, obtained in the
global ﬁt combining all categories of all channels. The dashed line
corresponds to the best-ﬁt μ value. The contribution from the pp →
H(125 GeV) → WW process is treated as background normalized to
the SM expectation [11].
In the case of CMS, the combined signal strength for
this channel is [11]:
μ = 0.78 ± 0.27 ,
with a signiﬁcance of 3.2σ (3.7σ expected), for a Higgs
boson mass of mH = 125 GeV.
The H→ bb¯ channel: In this case an inclusive
search is not possible at hadron colliders due to the over-
whelming background from multijet production. Since
the decay branching fraction of the H → bb¯ is of 58%,
the production of the Higgs boson in association with
a vector boson, W or Z, oﬀers a possibility in spite of
being one order of magnitude lower than the main pro-
duction mechanism: gluon fusion. The identiﬁcation of
the associated W or Z can be used eﬃciently for trigger-
ing and background reduction purposes. For the analy-
sis ATLAS and CMS considered the vector boson decay
channels: W → ν, Z → , Z → νν, where  = e, μ.
CMS also included the channel W → τν, but only with
the 8 TeV data.
In the case of ATLAS, the combined signal strength
for this channel is [12]:
μ = 0.51 +0.40−0.37 ,
with a signiﬁcance of 1.4σ (2.6σ expected), for a Higgs
boson mass of mH = 125 GeV.
In the case of CMS, the combined signal strength for
this channel is [13]:
μ = 1.0 ± 0.5 ,
with a signiﬁcance of 2.1σ (2.1σ expected), for a Higgs
boson mass of mH = 125 GeV.
3. Higgs properties
The main properties of the Higgs boson, like its mass,
signal strength, spin, parity, etc. are extracted from
combinations of the data for the diﬀerent channels. In
this section the results of these studies are presented.
Higgs signal strength: The ATLAS experiment has
combined the signal strengths of the channels: H→ γγ,
H → ZZ∗ → 4, H → WW∗ → νν¯, H → ττ and
H→ bb¯, with the result [14]:
μ = 1.30 ± 0.12 (stat.) +0.14−0.11 (sys.),
for a Higgs boson mass of mH = 125.5 GeV. In Figure
5 an updated version of the individual strengths, pub-
lished by ATLAS, is presented.
In the case of CMS, the signal strengths of the chan-
nels H → γγ, H → ZZ∗ → 4, H → WW∗ → νν¯,
H → ττ and H → bb¯, have been combined, with the
result [16]:
μ = 1.00 ± 0.09 (stat.) +0.08−0.07 (theo.) ± 0.07 (syst.),
for a Higgs boson mass of mH = 125 GeV. In Figure
6 the results of the signal strength studies of CMS are
presented.
Higgs mass: The mass of the Higgs boson is ex-
tracted from a combined ﬁt to the invariant mass spectra
of the decay channels H→ γγ and H→ ZZ∗ → 4. The
results of this analysis for ATLAS and CMS are shown
in the Figures 7 and 8. In the case of ATLAS the best
value for the mass of the state is [5]:
mH = 125.36 ± 0.37 (stat.) ± 0.18 (syst.) GeV.
In the case of CMS the best value of the mass of the
state is [16]:
mH = 125.02 +0.26−0.27 (stat.)
+0.14
−0.15 (syst.) GeV.
Higgs width: The SM expectation for the Higgs bo-
son width is ΓSMH ∼ 4 MeV. The LHC operates in the
region of the TeV, and the detectors are designed to
have energy resolutions in the region of the GeV. It
is therefore challenging to measure a width in the re-
gion of the few MeV. However, it is possible to con-
strain the Higgs boson width using its oﬀ-shell produc-
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Figure 5: The measured production strengths for a Higgs boson of
mass mH = 125.36 GeV, normalized to the SM expectations, for the
H → γγ, H → ZZ∗ → 4, H → WW∗ → lνlν¯, H → ττ and H →
bb¯; ﬁnal states. The best-ﬁt values are shown by the solid vertical
lines. The total ±1σuncertainty is indicated by the shaded band, and
the individual contributions from the statistical uncertainty and the
total (experimental and theoretical) systematic uncertainty are shown
as the top and bottom superimposed error bars, respectively. Updated
December 2014 [15].
tion and decay into ZZ, away from the resonance peak
[17]. In the dominant gluon fusion production mode the
oﬀ-shell cross section is sizable; this cross section de-
pends on ΓH through the Higgs boson propagator in the
form [17, 18, 19]
dσgg→H→ZZ
dm2ZZ
∼
g2ggH g
2
HZZ
(m2ZZ − m2H)2 + m2HΓ2H
, (1)
where gggH and gHZZ are the couplings of the Higgs
boson to gluons and Z bosons. Integrating in a small
region around mH for the on-shell case, and above the
mass threshold 2mZ for the oﬀ-shell case, the cross sec-
tions behave like [17, 19]
σon-shellgg→H→ZZ ∼
g2ggH g
2
HZZ
m2HΓ
2
H
, (2)
σoﬀ-shellgg→H∗→ZZ ∼
g2ggH g
2
HZZ
(2mZ)2
. (3)
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Figure 6: Values of the best-ﬁt σ/σSM for the overall combined anal-
ysis (solid vertical line) and separate combinations grouped by pro-
duction mode tag, predominant decay mode, or both. The σ/σSM
ratio denotes the production cross section times the relevant branch-
ing fractions, relative to the SM expectation. The vertical band shows
the overallσ/σSM uncertainty. The horizontal bars indicate the ±1
standard deviation uncertainties in the best-ﬁt σ/σSM values for the
individual combinations; these bars include both statistical and sys-
tematic uncertainties [16].
From these expressions it is clear that a measurement
of the relative oﬀ-shell to on-shell production in the H
→ ZZ channel provides direct information on ΓH. The
dominant contribution to the ZZ ﬁnal state comes from
qq¯→ ZZ, while the gluon-induced production has con-
tributions from gg→ ZZ and gg→ H∗ → ZZ; the inter-
ference between these two terms, in the oﬀ-shell region,
is large and has to be taken into account. In the analysis
performed by ATLAS and CMS the ZZ → 4 and ZZ
→ 22ν channels were included ( = e, μ). Due to the
lack of calculations beyond leading order (LO) for the
gg→ ZZ continuum background, a K-factor is included
for the LO background cross section.
In the case of ATLAS, the results take into account
the unknown background K-factor by deﬁning the quan-
tity
RBH∗ =
K(gg→ ZZ)
K(gg→ H∗ → ZZ) , (4)
and letting it vary in the range 0.5 < RBH∗ < 2.0. The
analysis yields an observed (expected) 95% conﬁdence
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Figure 7: Value of −2 lnΛ as a function of mH for the individual
H → γγ and H → ZZ∗ → 4 channels and their combination, where
the signal strengths μγγ and μ4 are allowed to vary independently.
The dashed lines show the statistical component of the mass measure-
ments. For the H→ ZZ∗ → 4 channel, this is indistinguishable from
the solid line that includes the systematic uncertainties [5].
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Figure 8: Scan of the test statistic q(mH) = −2Δ lnL versus the mass
of the boson mH for the H→ γγ and H→ ZZ∗ → 4 ﬁnal states sep-
arately and for their combination. Three independent signal strengths,
(ggH,ttH) → γγ, (VBF,VH) → γγ, and pp → H → ZZ → 4, are
proﬁled together with all other nuisance parameters [16].
level upper limit on ΓH/ΓSMH in the range 4.8 - 7.7 (7.0 -
12.0) [18].
In the case of CMS, a soft collinear approximation
to describe the background cross section is assumed,
which allows to take the unknown K-factor equal to the
one of the signal; the uncertainty associated with the
K-factor is taken into account as a systematic. The re-
sulting upper limit on the Higgs boson width is ΓH < 22
MeV at a 95% conﬁdence level, which is 5.4 times the
expected value from the SM [19].
Higgs spin and parity: In order to determine the spin
and parity of the discovered boson, the JP = 0+ hy-
pothesis of the SM is compared to several alternative
hypothesis with JP = 0−, 1+, 1−, 2+, by studying the
kinematic properties of the ﬁnal states of the channels:
H → γγ, H → ZZ∗ → 4 and H → WW∗ → νν,
where  = e, μ.
In the case of ATLAS, in a combined study using
data from the channels: H → γγ, H → ZZ∗ →
4 and H → WW∗ → νν, the JP = 0+ hypothesis is
strongly favored and the other hypotheses are rejected
[20]:
• JP = 0− rejected at 97.8% conﬁdence level.
• JP = 1+ rejected at 99.7% conﬁdence level.
• JP = 1− rejected at 99.7% conﬁdence level.
• JP = 2+ rejected at 99.9% conﬁdence level.
In the case of CMS, the data from the H→ ZZ∗ → 4
channel provide the results [7]:
• JP = 0−, 1+, 1− rejected at 99% conﬁdence level.
• JP = 2+, 2− rejected at 95% conﬁdence level.
and the data from the channel H → γγ provides the
result [4]:
• JP = 2+ rejected at 94% conﬁdence level.
The JP = 0+ is consistent with the data, in agreement
with the SM expectation.
Higgs couplings: One of the distinguishing features
of the SM Higgs boson is the dependence of its cou-
plings to the mass of the states to which it couples. The
couplings to vector bosons and fermions are:
gV = 2
m2V
v
, λf =
√
2
mf
v
, (5)
where v = 246.22 GeV is the vacuum expectation value
of the Higgs ﬁeld. In order to compare the best SM pre-
dictions with the ATLAS and CMS data, and at the same
time take into account possible deviations from the SM
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values for the diﬀerent couplings, the LHC Higgs Cross
Section Working Group deﬁned scale factors κi, where i
refers to a SM particle. For example, in the case of the
channel gg→ H→ γγ one would have [21]:
(σ · BR)(gg→ H→ γγ) =
σSM(gg→ H) · BRSM(H→ γγ) ·
κ2g · κ2γ
κ2H
. (6)
The SM predictions are recovered when κi = 1.
Since some of the couplings depend on other cou-
plings, the functions κ2VBF(κW, κZ,mH), κ
2
g(κb, κt,mH),
κ2γ(κb, κt, κτ, κW,mH), κ
2
H(κi,mH) are deﬁned.
Due to the large number of couplings, diﬀerent
benchmark parametrizations are deﬁned in order to ex-
plore diverse aspects of the coupling space [21]:
• Common scale factor:
the same κ for all production and decay channels.
• Scaling of vector boson and fermion couplings:
κV = κW = κZ
κf = κt = κb = κτ
• Probing custodial symmetry:
λWZ = κW/κZ
• Probing the fermion sector:
λdu = κd/κu
κu = κt = κc
κd = κb = κs = κτ = κμ
• Probing the loop structure and invisible decays:
κg, κγ are left as free parameters.
• Minimal parametrization:
free parameters: κg, κγ, κV, κf.
ATLAS and CMS have used these benchmarks in or-
der to perform several ﬁts to their data. The results of
these studies can be found in references [14, 16]. As
an example, in Figures 9 and 10 68% C.L. regions for
several channels, using the scaling of vector boson and
fermion couplings benchmark, are presented. The main
general conclusion of the probing of the Higgs boson
coupling structure by ATLAS and CMS is a statistical
agreement with the SM expectation. In Figure 11 the
results of the ﬁts of the couplings to fermions and vec-
tor bosons, as a function of the mass of the particle, per-
formed by CMS, are presented. As can be seen from the
ﬁgure, the couplings behave in a way consistent with
that of the SM Higgs boson.
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Figure 9: Results of ﬁts for the 2-parameter benchmark model that
probe diﬀerent coupling strength scale factors for fermions and vector
bosons, assuming only SM contributions to the total width: Correla-
tion of the coupling scale factors κV and κf overlaying the 68% CL
contours derived from the individual channels and their combination
[14].
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combination. The diamond represents the SM expectation, (κf, κV) =
(1, 1). The plot shows the likelihood scan in the positive quadrant
[16].
4. Other studies
Due to smaller branching ratios or high backgrounds,
other channels played a less important role during the
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Figure 11: Graphical representation of the results obtained from ﬁts
to fermions and vector boson couplings. The dashed line corresponds
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vector bosons to take into account the expected SM scaling of the
coupling with mass, depending on the type of particle. The result of
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ﬁrst run of the LHC, in spite of being potentially im-
portant, specially when looking at possible signals of
physics BSM in the Higgs sector. ATLAS and CMS
performed searches for rare decays like: H → μμ,
H → γZ → γ+−, H → γγ∗ → γ+−; studies of the
Yukawa coupling of the top quark to the Higgs boson in
channels like tt¯H(γγ, bb¯) and t(t)H(γγ); measurements
of diﬀerential cross sections for the H → γγ and H →
ZZ → 4 channels; etc. In this section the results of
some of these studies are presented.
The H→ μμ channel: The ATLAS experiment has
obtained a dimuon invariant mass distribution consis-
tent with the SM background-only hypothesis in the 120
- 150 GeV search range. For a Higgs boson with a mass
of 125.5 GeV, the observed (expected) upper limit at the
95% conﬁdence level is 7.0 (7.2) times the SM expec-
tation. This corresponds to an upper limit, at the 95%
conﬁdence level, on the branching ratio BR(H→ μ+μ−)
of 1.5 × 10−3 [22].
In the case of CMS, for a Higgs boson with a mass of
125 GeV decaying to μ+μ−, the observed (expected) up-
per limit, at the 95% conﬁdence level, on the production
rate is found to be 7.4(6.5+2.8−1.9) times the SM value. This
corresponds to an upper limit, at the 95% conﬁdence
level, on the branching fraction of 0.0016. Similarly,
for e+e−, an upper limit, at the 95% conﬁdence level,
of 0.0019 is placed on the branching fraction, which is
≈ 3.7 × 105 times the SM value [23].
The H→ γZ→ γ+− channel: The ATLAS experi-
ment has obtained a distribution of the invariant mass of
the three ﬁnal-state particles, mγ, consistent with the
SM hypothesis in the investigated mass range of 120 -
150 GeV. For a Higgs boson with a mass of 125.5 GeV,
the observed upper limit, at the 95% conﬁdence level,
is 11 times the SM expectation. Upper limits were set
on the cross section times branching ratio of a neutral
Higgs boson with mass in the range 120 - 150 GeV be-
tween 0.13 and 0.5 pb for
√
s = 8 TeV at 95% conﬁ-
dence level [24].
In the case of CMS no excess above SM predictions
has been found in the 120 - 160 GeV mass range and
limits on the Higgs boson production cross section times
the H → γZ branching fraction at the LHC have been
derived. The observed limits, at the 95% conﬁdence
level, are between about 4 and 25 times the SM cross
section times the branching fraction. The observed and
expected limits for mγ at 125 GeV are within one order
of magnitude of the SM prediction [25].
Higgs production in association with top quarks: For
the tt¯H channel, ATLAS has not observed a signiﬁ-
cant excess of events over the background prediction,
and upper limits were set on the production cross sec-
tion. The observed exclusion upper limit at 95% conﬁ-
dence level is 6.7 times the predicted SM cross section
value. In addition, limits were set on the strength of the
Yukawa coupling between the top quark and the Higgs
boson, taking into account the dependence of the tt¯H
and tH cross sections as well as the H→ γγ branching
fraction on the Yukawa coupling. Lower and upper lim-
its at 95% conﬁdence level were set at −1.3 and +8.0
times the Yukawa coupling strength in the SM [26].
CMS performed a search in the tt¯H channel based on
the following signatures of the Higgs boson decay: H
→ hadrons, H→ photons, and H→ leptons. The results
are characterized by an observed tt¯H signal strength rel-
ative to the SM cross section, μ = σ/σSM, under the
assumption that the Higgs boson decays as expected in
the SM. The best ﬁt value is μ = 2.8 ± 1.0 for a Higgs
boson mass of 125.6 GeV [27].
Fiducial and diﬀerential cross sections: The ATLAS
experiment has reported the results of measurements
of ﬁducial and diﬀerential cross sections for the H →
ZZ∗ → 4 and H→ γγ channels in references [28, 29].
In Figure 12 the diﬀerential cross section in pT for the
H→ γγ channels is presented as an example.
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Figure 12: The diﬀerential cross section for pp → H → γγ as a
function of pγγTt . The data are shown as ﬁlled (black) circles. The ver-
tical error bar on each data point represents the total uncertainty in the
measured cross section, and the shaded (grey) band is the systematic
uncertainty component. The SM prediction, deﬁned using the HRES
prediction for gluon fusion and the default MC samples for the other
production mechanisms, is presented as a hatched (blue) band. The
small contribution from VBF, VH and tt¯H is also shown separately
as a dashed (green) line and denoted as XH. The HRES predictions
are normalised to the total LHC-XS cross section using a K-factor of
KggF = 1.15 [29].
5. Higgs and BSM
The new Higgs sector of the SM oﬀers several possi-
bilities in the search for physics BSM; for instance: new
charged and neutral Higgs bosons, evidences of ﬂavor-
changing neutral currents, evidences of lepton ﬂavor vi-
olations, invisible decays beyond SM expectations, etc.
ATLAS and CMS have performed these searches with
the LHC-Run-1 data. In this section the result of some
of these studies are presented.
Searches for MSSM neutral Higgs: Two Higgs dou-
blet models (2HDM) predict the existence of scalar,
pseudoscalar and charged scalar Higgs bosons. The
Higgs sector of the Minimal Standard Supersymetric
Model (MSSM) has two Higgs doublets. The expected
observables are: two neutral scalars, ho and Ho; one
neutral pseudoscalar Ao; and two charged scalars, H±.
Therefore, higher-mass neutral bosons might exists: Ho,
Ao. It may be also, that the discovered boson cor-
responds to Ho, and therefore a lighter Higgs boson
should be searched for. Here we will refer to any neutral
Higgs boson as Φ, meaning Φ = ho,Ho,Ao.
ATLAS and CMS have searched for Φ in the channel
Φ → ττ in the energy range between 100 - 1000 GeV
[30, 31].
Searches for γγ resonances in a wide range of invari-
ant mass have been performed. In the case of ATLAS in
the range: 65 - 600 GeV [32]. In the case of CMS in the
range: 150 - 850 GeV [33].
Searches for high-mass Higgs boson decaying to
WW and ZZ have been performed. In the case of AT-
LAS excluding a SM-like Higgs boson in the range 260
- 642 GeV (at 95% CL) [34]. In the case of CMS ex-
cluding a SM-like Higgs boson in the range 145 - 710
GeV (at 95% CL) [35]. No signiﬁcant deviations from
SM expectations have been observed in any of these
channels.
Searches for MSSM Charged Higgs: The ATLAS
experiment has performed searches in the channels:
H+ → τν [36], H+ → cs¯ [37]. In the case of CMS,
searches have been performed in the channels: H+ →
tb [38], H+ → τν [39], H+ → cs¯ [40]. No signiﬁcant
deviations from SM expectations have been observed in
these channels.
Higgs invisible decays: The ATLAS experiment has
not observed deviations from the SM expectation in this
channel. An upper limit of 75% at 95% CL was set
on the Branching Ratio to invisible particles, for mH =
125.5 GeV [41].
In the case of CMS no deviations from the SM ex-
pectation have been observed. An upper limit of 58%
at 95% CL was set on the Branching Ratio to invisible
particles, for mH = 125 GeV [42].
Searches for FCNC in the Higgs sector: Flavor
changing neutral currents are forbidden at tree level in
the SM; they are present at higher order, but suppressed
by the GIM mechanism [43]. Due to the large coupling
of the top quark to the Higgs sector there is a motivation
to search for FCNC in top quark decays into Higgs.
ATLAS has set an upper limit to the Branching Ratio of
the decay t→ qH of 0.79% at a 95% CL [44]. CMS has
set an upper limit to the Branching Ratio of the decay t
→ cH of 0.56% at 95% CL [45].
Search for LFV in the Higgs sector: Lepton ﬂavor
violations can occur as a result of the presence of LFV
Higgs couplings, predicted by several theoretical mod-
els BSM. CMS has performed a search for LFV decays
in the channels: H → μτe and H → μτh. A slight ex-
cess of signal events, with a signiﬁcance of 2.5σ was
observed. Interpreted as a statistical ﬂuctuation it con-
strains the Branching Ratio to BR(H→ μτ) ≤ 1.57% at
a 95% CL (0.75% CL expected). Interpreted as a signal
it would give BR(H→ μτ) = (0.89 +0.40−037 ) % [46].
J.C. Sanabria / Nuclear and Particle Physics Proceedings 267–269 (2015) 25–34 33
6. Conclusions
As a result of the ﬁrst run of the LHC the SM has been
consolidated experimentally at an impressive level. A
Higgs boson has been discovered. The H → γγ, H →
ZZ∗ → 4 and H → νν, channels have been mea-
sured with a precision at the level of ∼ 5σ. The H→ ττ
channel has been measured with a precision at the level
of ∼ 4σ. The VH → Vbb¯ has been measured with a
precision at the level of ∼ 2σ. The combinations of spin
and parity for the state JP = 0−, 1+, 1−, 2+, 2− have been
rejected at the level of ∼ 3σ to 4σ; the JP = 0+ com-
bination is strongly favored by the data. Several Higgs
couplings have been measured, and their dependence on
the mass of the states to which it couples have allowed to
stablished the nature of the discovered state as a Higgs
boson. All other results are in agreement with the SM
expectation. No solid evidence of new physics in the
Higgs sector has been observed. For the second run of
the LHC, one order of magnitude more Higgs events
will be recorded, allowing precision measurements, ob-
servation of rare decays and improved searches for new
physics.
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